Transverse and sagittal angulations of proximal segment after sagittal split and vertical ramus osteotomies and their influence on the stability of distal segment  by Pan, Ju-Hung et al.
Journal of the Formosan Medical Association (2013) 112, 244e252Available online at www.sciencedirect.com
journal homepage: www.j fma-onl ine.comORIGINAL ARTICLE
Transverse and sagittal angulations of proximal
segment after sagittal split and vertical ramus
osteotomies and their influence on the stability
of distal segmentJu-Hung Pan a, Jang-Jaer Lee b,c, Hung-Ying Lin b, Yi-Jane Chen c,d,
Chung-Chen Jane Yao a,d, Sang-Heng Kok b,c,*aGraduate Institute of Clinical Dentistry, School of Dentistry, College of Medicine, National Taiwan University,
Taipei, Taiwan
bDivision of Oral and Maxillofacial Surgery, Department of Dentistry, National Taiwan University Hospital, Taipei, Taiwan
cDepartment of Dentistry, School of Dentistry, College of Medicine, National Taiwan University, Taipei, Taiwan
dDivision of Orthodontics, Department of Dentistry, National Taiwan University Hospital, Taipei, Taiwan
Received 19 October 2011; received in revised form 1 February 2012; accepted 5 February 2012KEYWORDS
intraoral vertical
ramus osteotomy;
mandibular setback;
proximal segment;
sagittal angulation;
sagittal split ramus
osteotomy;
transverse angulation* Corresponding author. Division of
Chang-Te Street, Taipei 10016, Taiwa
E-mail address: shkok@ntu.edu.tw
0929-6646/$ - see front matter Copyr
doi:10.1016/j.jfma.2012.02.013Background/Purpose: This study aimed at comparing the transverse and sagittal angulations of
proximal segment after sagittal split ramus osteotomy (SSRO) and intraoral vertical ramus os-
teotomy (IVRO), and examining their influences on the stability of distal segment.
Methods: Patients who received SSRO (nZ 21) or IVRO (nZ 11) for mandibular setback were
included. Lateral and posteroanterior cephalograms taken within 1 month before surgery (T1),
within 1 week after surgery (T2), and at least 6 months after surgery (T3) were analyzed. The
angulation of each proximal segment relative to the upper orbital margin line was measured on
posteroanterior cephalogram and the sum of both angles (total ramus angle, TRA) was ob-
tained. On lateral radiograph, ramus inclination angle (RIA) relative to a horizontal reference
line 7 to the sellaenasion was assessed and B-point position was measured.
Results: From T1 to T2, more increases in TRA and RIA were noted after IVRO than after SSRO.
From T2 to T3, TRA and RIA significantly decreased in IVRO group but remained relatively
stable in SSRO group. DTRAT1eT2 positively related to upward rotation of distal segment for
SSRO and downward rotation for IVRO from T2 to T3. For SSRO only, DRIAT1eT2 significantly
related to forward movement of distal segment during remodeling.Oral and Maxillofacial Surgery, Department of Dentistry, National Taiwan University Hospital, No.1,
n.
(S.-H. Kok).
ight ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.
Proximal segment angulation after SSRO and IVRO 245Conclusion: TRA and RIA increase significantly after IVRO and then regress, whereas they
increase mildly after SSRO and remain stable. Increase in TRA significantly relates to distal
segment rotation during remodeling for both surgeries, but increase in RIA relates to forward
relapse of the distal segment only for SSRO. The reasons underlying the correlations are not
certain and deserve future investigations.
Copyright ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Sagittal split ramus osteotomy (SSRO) and intraoral vertical
ramus osteotomy (IVRO) are the most frequently used
techniques for the treatment of mandibular prognathism.
The greatest advantage of IVRO over SSRO is the lower
incidence of injury to inferior alveolar nerve.1,2 Technical
simplicity, shorter operation time, and less adverse effects
on temporomandibular joint have also been mentioned as
the benefits of IVRO.3 On the other hand, the major
advantages of SSRO are the better bony interface between
osteotomized segments and the easier use of rigid fixation
that minimizes the need for intermaxillary fixation (IMF).4
Although the advantages and disadvantages of SSRO and
IVRO for mandibular setback have been discussed
frequently,3,4 studies comparing postoperative skeletal
stability between the two techniques are relatively rare.
Phillips et al5 observed that patients who received SSRO
showed a significantly greater relapse in the sellaenasione
B-point angle with more anterior movement of menton and
pogonion than those in the IVRO group. Yoshioka et al6 re-
ported that the B-point and pogonion in the IVRO groupmoved
significantly more posteriorly and inferiorly in the early post-
operative periodwhen comparedwith SSRO, but no significant
difference in skeletal stability was observed between the two
techniques 1 year after the surgery. More recently, Kitahara
et al7 demonstrated that in the IVRO group the distal segment
was located backward at the postoperative stage, but this
trend was not found in the SSRO group. Most of the previous
comparisons between SSRO and IVROwere focused on sagittal
(anteroposterior) changesof thedistal segmentsafter surgery.
Changes in ramus angulations and their contribution to the
skeletal stability associated with the two surgical techniques
have been investigated only occasionally.
Positioning of the proximal segments is one of the most
important factors related to skeletal stability after SSRO.8,9
However, for mandibular setback via SSRO, the relationship
between changes in sagittal angulation of ramus and skel-
etal relapse of the distal segments is inconclusive. While
some studies showed that alterations of ramus inclination
in the sagittal plane did not contribute to skeletal
relapse,10,11 Cho12 found that there was a strong relation-
ship between the clockwise angular displacement of ramus
during surgery and the anterior displacement of pogonion
during the postsurgical phase. On the other hand, most
studies concerning the transverse position of proximal
segments were performed on mandibular advancement by
SSRO.9,13,14 For mandibular setback via SSRO, Choi et al15
showed that the intergonial width and transverse angula-
tion of proximal segments increased, but no correlation
between this transverse displacement and sagittal relapse
of the distal segments was found.For IVRO setback, clockwise rotation of the proximal
segment in the sagittal plane immediately after surgery was
observed, but the relationship between the rotation and
skeletal stability was not studied.7,16 As for the changes in
transverse position of proximal segment after IVRO, Jung
et al17 reported an increase in intergonial width after the
surgery, but the relationship between transverse displace-
ment and sagittal relapse was not mentioned. Although
changes in sagittal inclination of ramus after SSRO and IVRO
have been compared in previous researches,7,16 no study
examining the differences in transverse angulation of
proximal segment between SSRO and IVRO has been re-
ported in the English literature.
The primary aim of this study was to compare the
transverse and sagittal angulations of proximal segment
after mandibular setback via SSRO and IVRO. A secondary
objective was to examine whether the changes in trans-
verse and sagittal angulations of ramus influenced relapse
of the distal segments.
Patients and methods
Patients
A consecutive series of orthognathic surgery records at the
Department of Oral and Maxillofacial Surgery, National
Taiwan University Hospital, from 2003 to 2008 were
analyzed retrospectively. Patients who had skeletal Class III
malocclusion mainly caused by mandibular prognathism
were selected for study. Asymmetric cases were not
excluded. The inclusion criteria were as follows: (1)
mandibular setback via SSRO or IVRO; (2) no simultaneous
maxillary surgery or genioplasty; (3) no other congenital
anomalies; (4) no history of maxillofacial trauma; and (4)
complete records of good quality.
Treatment procedures
All patients received routine pre- and postoperative
orthodontic treatments. Surgical procedures were per-
formed by two surgeons (Kok and Lee), and the criterion for
deciding between SSRO and IVRO was the preference of the
surgeon. The SSRO technique followed Dal Pont’s modifi-
cations18 of Obwegeser’s method, and rigid fixation was
accomplished by using two four-hole straight titanium
miniplates with 2 mm monocortical screws at the anterior
ramus on each side (Figs. 1A and 1B). No postoperative IMF
was given in the SSRO group. IVRO was performed according
to the technique of Hall et al19,20 without using any internal
fixation (Figs. 1C and 1D). Patients who received IVRO had
IMF with the prefabricated splint for 6 weeks after surgery.
Figure 1 (A and B) Posteroanterior and lateral cephalograms after sagittal split ramus osteotomy and (C and D) intraoral vertical
ramus osteotmy.
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All patients received lateral and posteroanterior (PA)
cephalometric radiographs within 1 month before surgery
(T1), within 1 week after surgery (T2), and at the comple-
tion of orthodontic treatment (T3, at least 6 months after
surgery). The cephalometric radiographs were taken digi-
tally by well-experienced radiology technicians. All radio-
graphs were saved and stored (1714  2164 pixels, 8-bit
gray scale) in DICOM format, and were digitally traced and
analyzed by a single operator (Pan).
PA cephalograms (Fig. 2) were used to assess the angu-
lation of the proximal segments in the coronal plane.
Bilateral upper orbital margins (UOMs) were traced, and
UOM line (UOML) was the horizontal reference for themeasurement of transverse angulation of proximal
segments as in previous studies.9,13e15 Bilateral ramus
points (RPs) (Table 1) were identified and used as the
superior reference points of the proximal segments.9,13e15
However, because in IVRO and SSRO the osteotomies may
involve the gonial region in some cases, resulting in alter-
ation of the morphology of mandibular angle after surgery,
we discarded gonion as the inferior reference for proximal
segment. Instead, the lateral cortical border of the ramus
was traced. After truncating the 20 pixels next to the RP
and the most inferior 50 pixels near the mandibular angle to
avoid obvious curvature in these areas, the lateral cortex of
the ramus was represented by 100e400 lateral border
points (LBPs). The RP and each LBP determined an RPeLBP
line. The mean of the 100e400 inferomedial angles formed
Figure 2 Landmarks, lines, and angle measurements used in
the posteroanterior cephalogram. Total ramus angle (TRA) is
the sum of LRA and RRA. Definitions of landmarks and
measurements are shown in Table 1. LBPs Z lateral border
points; LRAZ left ramus angle; RPZ ramus point; RRAZ right
ramus angle; UOM Z upper orbital margin; UOML Z upper
orbital margin line.
Proximal segment angulation after SSRO and IVRO 247between UOML and RPeLBP lines was the ramus angle (RA)
on each side (LRA and RRA) (Fig. 2 and Table 1). The
accuracy of this method of RA determination was evaluated
by examining the standard errors of the initial 100e400
measurements for each RA. The total ramus angle (TRA)
was the sum of the LRA and RRA. The amount of mandibular
side shift from T1 to T2 at the dental midline was also
recorded.
On lateral cephalograms (Fig. 3), sella and nasion were
first identified, and the sellaenasion line was marked. The
X-axis, as the horizontal reference line, was established by
rotating the sellaenasion line by 7 upward at nasion. The Y-
axis, as the vertical reference line, was drawn perpendicular
to the X-axis at nasion. The outline of the mandible was
traced, and B-point, articulare (Ar), and condylion were
then located and expressed with the XY coordinate system.
Similar to the measurement of transverse RA, we used the
posterior border points (PBPs) instead of gonion as the
inferior reference for proximal segment on lateral cepha-
lograms. Since the lower two-thirds of the posterior ramus
were commonly obscured by overlapping with the backward
located distal segment after surgery, the posterior border of
ramus was represented by 50e150 PBPs in the subcondylar
region (Fig. 3). The Ar and each PBP determined an ArePBP
line. The mean of the 50e150 anteroinferior angles formed
between the X-axis and ArePBP lines was defined as the
ramus inclination angle (RIA, Fig. 3). The accuracy of thismethod of RIA determination was evaluated by examining
the standard errors of the initial 50e100 measurements for
each RIA.
The definitions of landmarks and lines are listed in Table 1.
For comparison between cephalograms of different time
points, the anterior cranial bases were superimposed by the
best-fit technique. The displacements of B-point and con-
dylion were determined by using horizontal and vertical
vectors. Anterior/superior displacements were assigned
positive values, and posterior/inferior displacements were
assigned negative values. The differences in TRA (DTRA) and
RIA (DRIA) between two time points were assigned positive
values when the later angles were larger and vice versa.
Statistical analysis
TheWilcoxon signed-rank test was used for the comparison of
measurement values between various timepoints in the same
surgical group. The ManneWhitney test was used to compare
the differences between SSRO and IVRO groups. The corre-
lations between DTRA, DRIA, and the amount of sagittal
relapse were calculated by using Spearman rank correlation
analysis. The level of significance was set at pZ 0.05.
Results
Patient characteristics
Thirty-two patients (10 males and 22 females) were
included in this study. Their mean age at the time of
surgery was 22 years 7 months (range, 16 years 10 months
to 55 years 6 months). There were 21 patients (eight males
and 13 females) in the SSRO group with a mean age of 23
years 6 months (range, 17 years 6 months to 55 years 6
months), and 11 patients (2 males and 9 females) in the
IVRO group with a mean age of 22 years 6 months (range, 16
years 10 months to 31 years 11 months). No significant
difference in the amount of side shift was found between
SSRO [4.41  3.74 mm (mean  standard deviation)] and
IVRO (2.94  2.44 mm) groups.
Error of RA measurement
The accuracy of our method of transverse RA determina-
tion was evaluated by examining the standard error of the
initial 100e400 measurements for each RA. The standard
errors were less than 0.1 in most situations. The largest
standard errors were between 0.1 and 0.2, which were
found in the IVRO group at T3. For assessment of the
accuracy of RIA determination on lateral films, the stan-
dard error of the initial 50e150 measurements was
examined in each case. Although the standard errors were
slightly larger than those for transverse angle measure-
ment, they were smaller than 0.4.
Changes in transverse RA after SSRO and IVRO
The mean TRAs in the SSRO and IVRO groups were not
different at T1. From T1 to T2, TRA significantly increased
after SSRO [160.60  6.51 (mean  standard deviation)
Table 1 Definitions of landmarks and measurements used in the study.
Landmark Definition
Lateral cephalogram
Sella The center of sella turcica
Nasion The junction of the nasal and frontal bones
B-point The most posterior point in the concavity between the chin and mandibular
alveolar process
X-axis The horizontal reference line established by rotating the sellaenasion line by 7
upward at nasion
Y-axis The vertical reference line drawn perpendicular to the X-axis at nasion
Condylion The most superior point of the condyle of mandible
Articulare The point of intersection of the dorsal contour of the articular process of mandible
and temporal bones
Posterior border points (PBPs) The points on the posterior cortical border of the ramus
(or the proximal segment postoperatively) after truncating the 10 pixels
next to the articulare and ended on the inflection point at the posterior
curvature of ramus. The posterior border of the ramus is represented by 50e150
posterior border points.
Ramus inclination angle (RIA) The average of the 50e150 anteroinferior angles formed between
the X-axis and ArePBP lines
Posteroanterior cephalogram
Upper orbital margin (UOM) The uppermost point on the roof of the orbit
Upper orbital margin line (UOML) The tangent line to bilateral UOMs
Ramus point (RP) The intersection of the mastoid process and the lateral border of the ramus
Lateral border points (LBPs) The points on the lateral cortical border of the ramus (or the proximal segment
postoperatively) after truncating the 20 pixels next to the ramus point and the most
inferior 50 pixels near the mandibular angle. The lateral cortex of the ramus is
represented by 100e400 lateral border points
Left and right ramus angle
(LRA and RRA)
The average of the 100e400 inferior-medial angles formed between
UOML and RP-LBP lines on each side
Total ramus angle (TRA) The sum of LRA and RRA
248 J.-H. Pan et al.vs. 164.17  9.62, p < 0.01] and IVRO (157.53  7.15 vs.
170.95  7.92, p < 0.01) (Table 2). However, DTRA from
T1 to T2 (DTRAT1eT2) was significantly larger in the IVRO
group than in the SSRO group (3.57 3.67 vs. 13.42
7.07, p < 0.001) (Table 2).
From T2 to T3, mean TRA in the IVRO group decreased
significantly (170.95  7.92 vs. 162.07  11.03,
p < 0.01). On the other hand, the mean TRA remained
relatively stable from T2 to T3 among patients who
received SSRO (164.17  9.62 vs. 165.15  7.19,
p > 0.05) (Table 2).
From T1 to T3, the change in TRA was not statistically
significant (157.53  7.15 vs. 162.07  11.03, p > 0.05)
among IVRO patients, but the difference was significant
(160.60  6.51 vs. 165.15  7.19, p < 0.01) for the SSRO
group. However, at T3 no significant difference was found
between the mean TRA of SSRO and IVRO patients (Table 2).
In asymmetric setback, midline of the mandible was
moved from the chin deviated side to the nondeviated side.
When the changes in transverse RA on the two sides were
considered separately, the amount of mandibular side shift
was noted to be correlated significantly with the increase
of RA on the nondeviated side in the SSRO (r Z 0.53,
p < 0.05) and IVRO (r Z 0.76, p < 0.01) groups. Such
a relationship was not found on the deviated side in both
groups.Changes in sagittal RA after SSRO and IVRO
The mean RIAs in the SSRO and IVRO groups were not
different at T1. For SSRO, the mean changes in RIA and
condylion position were mild from T1 to T2 or from T2 to
T3. For IVRO, RIA increased markedly from T1 to T2
(72.53  6.40 vs. 78.50  3.92, p < 0.01) and the
clockwise rotation of proximal segment was accompanied
by a forward movement of condylion (4.06  3.34 mm,
p < 0.01). During the postsurgical phase of T2 to T3, RIA
regressed (78.50  3.92 vs. 73.50  8.50, p < 0.05) and
condylion moved backward (e2.47  2.82 mm, p < 0.05) in
the IVRO group. No significant inferior displacement of
condylion was found in our group of IVRO patients. At T3, no
significant difference was found between the RIAs of both
groups (Table 2).Sagittal changes in distal segments after SSRO and
IVRO
From T1 to T2, in SSRO group the horizontal movement of B-
point was e7.36  4.45 mm (p < 0.01) and the vertical
movement was 1.34  2.63 mm (p > 0.05). From T2 to T3,
B-point in SSRO group had a tendency to move forward
(1.59  3.62 mm) and upward (2.60  3.26 mm), but only
Figure 3 Landmarks, lines, and angles used in the lateral
cephalogram. Definitions of landmarks and lines are shown in
Table 1. RIA Z ramus inclination angle; PBPs Z posterior
border points.
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(p < 0.05) (Table 2).
For patients who received IVRO, from T1 to T2, the
horizontal movement of B-point was e6.89  6.13 mm
(p < 0.05) and the vertical movement was 0.76  3.28 mm
(p > 0.05). From T2 to T3, B-point had a tendency to move
slightly forward (0.74  5.70 mm) and downward
(2.20  3.92 mm). Similar to that in SSRO, only the
vertical movement was statistically significant (p < 0.05)
(Table 2).
From T1 to T3, no significant difference in the amount of
distal segment setback was noted between the two groups.
However, the differences in vertical movement of distal
segments were significant between the two types of surgery
(Table 2). After SSRO the distal segments tended to move
upward (counterclockwise), in contrast to the downward
(clockwise) movement in IVRO.
Correlations between DTRAT1eT2, DRIAT1eT2, and
skeletal stability of the distal segments
No significant correlation between DTRA and DRIA at
various time points was noted. The changes of TRA from T1
to T2 influenced the skeletal stability of distal segments in
both groups. In the SSRO group, DTRAT1eT2 significantly
related to the vertical movement of B-point (r Z 0.64,
p < 0.01) from T2 to T3 (Table 3). That is, in patients who
received SSRO, a larger increase in TRA from T1 to T2 was
associated with more upward movement of the distalsegment during the tissue remodeling phase. A very mild
correlation between DTRAT1eT2 and horizontal movement
of B-point from T2 to T3 (r Z e0.37, p < 0.05) was also
noted. For the IVRO group, the amount of vertical move-
ment of B-point from T2 to T3 correlated with DTRAT1eT2
but in an opposite direction (r Z 0.64, p < 0.05)
(Table 3). For IVRO patients, a larger DTRAT1eT2 was asso-
ciated with a higher tendency of downward movement of
the distal segment during the tissue remodeling phase.
As for the effects of changes in sagittal angulation of
ramus on the stability of distal segments, no significant
correlation was found in the IVRO group. For SSRO patients,
DRIAT1eT2 significantly related to the forward movement of
B-point (r Z 0.48, p < 0.05) from T2 to T3 (Table 3).
Clockwise rotation of the proximal segment immediately
after SSRO was associated with forward relapse of the distal
segment in the remodeling phase.Discussion
The purpose of this retrospective study was to evaluate the
transverse and sagittal displacements of proximal segments
after mandibular setback via SSRO and IVRO. Assessment of
the positional changes of proximal segments after ramus
surgeries have been performed in many studies by using
different methods, including conventional cepha-
lograms,7,9e17,21 computed tomography (CT),22,23 and sub-
mentovertex radiography.24e26 Although CT can provide
three-dimensional information, landmark identification and
comparison of serial images in a three-dimensional envi-
ronment may not be a simple task.27 In our study, conven-
tional cephalography was employed because it is the routine
examination in the treatment planning and follow-up for
orthognathic patients. Although PA cephalometry has diffi-
culties in identifying landmarks of superimposed structures
and reproducing head posture, the landmarks used in our
studies can be identified reliably on PA cephalogram,9,13e15
and many reports have shown that PA cephalogram is an
accurate method for transverse measurements and are not
significantly affected by an upedown or lefteright head
angulation of 10.28,29
In previous studies, gonion is most commonly used as the
inferior reference for proximal segment on lateral7,10e12,16
and PA9,13e15,21 cephalograms. However, after the setback
of mandible, the gonial region of ramus in lateral cepha-
logram was frequently obscured by the overlapping of bone
segments. On the other hand, Legrell et al30 reported that
gonion could not be used as a valid landmark on PA radio-
graphs due to a large range in identification. Clinical
experiences also showed that the mandibular angle may
sometimes be involved during the surgical procedures of
IVRO and SSRO, which makes comparison between pre- and
postoperative radiographs difficult. Moreover, apparent
bone remodeling may occur in the gonial region after ramus
surgery, which does not necessarily reflect the positional
change of the entire proximal segment. Therefore, in the
present study, we used the posterior and lateral cortical
borders to represent the position of the proximal segment
in lateral and PA films, respectively. We found that this
method of RA determination is highly accurate. In
all patients, the standard errors for the 100e400
Table 3 Spearman rank correlation coefficients between
DTRAT1eT2, DRIAT1eT2, and positional changes of B-point
from T2 to T3.
SSRO (n Z 21) IVRO (n Z 11)
DTRA
Horizontala 0.37* 0.26
Verticala 0.64** 0.64*
DRIA
Horizontala 0.48* 0.05
Verticala 0.34 0.19
a Positive values indicate anterior/superior movement; nega-
tive values indicate posterior/inferior movement.
* p < 0.05.
** p < 0.01.
IVRO Z intraoral vertical ramus osteotomy; RIA Z ramus
inclination angle; SSRO Z sagittal split ramus osteotomy;
TRA Z total ramus angle.
Table 2 Changes in TRA, RIA, condylion, and B-point
positions after SSRO and IVRO at various time intervals.
SSRO (n Z 21) IVRO (n Z 11) p value
between
groups
TRA (degree)
T1 160.6  6.5 157.6  7.2 NS
T2 164.2  9.6 171.0  7.9 <0.05
T3 165.2  7.2 162.1  11.0 NS
DTRA (degree)a
T1eT2 3.6  3.7** 13.4  7.1** <0.001
T2eT3 1.00  3.2 8.9  5.4** <0.001
T1eT3 4.6  1.83** 4.5  8.6 NS
RIA (degree)
T1 74.2  5.3 72.6  6.4 NS
T2 74.2  5.8 78.5  3.9 <0.05
T3 74.6  6.7 73.5  8.5 NS
DRIA (degree)a
T1eT2 0.0  4.4 6.0  4.9** <0.01
T2eT3 0.4  5.9 5.0  5.9* <0.05
T1eT3 0.4  6.0 1.0  7.8 NS
Positional changes of condylion (mm)b
Horizontal
T1eT2 0.2  1.3 4.1  3.3** <0.01
T2eT3 0.4  1.5 2.5  2.8* <0.01
T1eT3 0.6  1.2 1.6  2.5 NS
Vertical
T1eT2 0.5  1.0 0.1  3.1 NS
T2eT3 0.4  1.1 0.8  3.8 NS
T1eT3 0.1  0.8 0.8  2.1 NS
Positional changes of B-point (mm)b
Horizontal
T1eT2 7.4  4.5** 6.9  6.1* NS
T2eT3 1.6  3.6 0.7  5.7 NS
T1eT3 5.8  3.3** 6.2  3.5** NS
Vertical
T1eT2 1.3  2.6 0.8  3.3 NS
T2eT3 2.6  3.3* 2.2  3.9* <0.01
T1eT3 4.0  3.7** 1.4  3.4 <0.01
All values are mean  standard deviation.
a Positive values indicate a larger angle at the latter time
point and vice versa.
b Positive values indicate anterior/superior movement; nega-
tive values indicate posterior/inferior movement.
* p < 0.05 between the two time points.
** p < 0.01 between the two time points.
IVROZ intraoral vertical ramus osteotomy; NSZ nonsignificant;
RIA Z ramus inclination angle; SSRO Z sagittal split ramus
osteotomy; TRA Z total ramus angle.
250 J.-H. Pan et al.measurements of transverse RA were less than 0.2 and for
the 50e150 measurements of sagittal RA were smaller than
0.4.
In the study, increase in transverse RA was observed in
both SSRO and IVRO patients, but their patterns of RA
alteration were quite different. TRA in SSRO patients
increased moderately after the surgery and remained
largely unchanged during the tissue remodeling phase.On the other hand, in IVRO patients, a large increase in TRA
was noted immediately after the surgery, but the TRA
regressed significantly in the tissue remodeling phase. The
reason for this phenomenon is that the bone cut in IVRO is
perpendicular to the lateral surface of the ramus, in
contrast to SSRO in which the osteotomy is sagittally
orientated. Therefore, there is larger interference
between the proximal and distal segments in IVRO during
mandibular setback, resulting in more significant increase
of TRA, compared to that in SSRO. In the remodeling phase,
the lack of rigid fixation allows the proximal segments to
approximate to their original positions. Therefore, at both
T1 and T3, the mean TRAs between SSRO and IVRO patients
were not significantly different. Our results are in accord
with those of Yoshioka et al.6 In comparison with SSRO, they
found that after IVRO the gonion deviated more laterally at
1 week and 1 month postoperatively. The gonion moved
back medially later on, and there was no significant
difference in the width between gonions at 1 year after
surgery. Nevertheless, it is not definite how much the
alteration in lateral position of gonion reflected the posi-
tional change of the entire condylar fragment and not just
localized bone remodeling. Moreover, in their study, the
differential effects of lateral flare of proximal segments on
skeletal stability after the two types of surgery were not
examined.
The changes of transverse RA in cases of asymmetric
setback have seldom been mentioned in previous studies.
We found that the amount of mandibular side shift was
significantly correlated with the increase of transverse RA
on the nondeviated side in both the IVRO and the SSRO
groups. The relationship between transverse RA alteration
and side shift was not significant on the deviated side. Our
findings imply that during asymmetric setback the outward
movement of ramus on the nondeviated side is more easily
achieved than the inward displacement of ramus on the
deviated side. This phenomenon may be attributed to the
hindrance encountered during the medial movement of
condylar segment in asymmetric setback. The difference in
the easiness of bone movement should be taken into
consideration in the treatment of facial asymmetry.
Proximal segment angulation after SSRO and IVRO 251Previous studies showed that SSRO usually results in an
increase of coronal RA after both advancement9,13,14 and
setback15 of the distal segment. The reasons for the ubiq-
uitous occurrence of lateral flaring of mandibular angle
after SSRO are uncertain. An explanation is that the
increase in RA is secondary to splaying of the posterior part
of the proximal segment associated with SSRO, which is
caused by the adaptation and fixation of the anterior part
of the proximal segment to the distal segment, regardless
of the position of the latter or the type of fixation used.31
As for the clinical significance of flaring of mandibular
angle after SSRO, earlier studies did not find any correlation
between the amount of transverse displacement of prox-
imal segment and postsurgical relapse of the distal segment
after mandibular advancement14 or setback.15 This may be
due to the difficulty in identification of gonion after ramus
surgery. By using our new method of measurement of RA,
we found that after SSRO a larger increase in TRA from T1
to T2 correlated significantly with more upward movement
of the distal segment during the tissue remodeling phase
(T2eT3). The reasons for the relationship are not certain.
One possible explanation is that, after rigid fixation, the
resilience force generated by the splaying of proximal
segments will bring the mandible to rotate upward during
the postoperative period. One way to test this hypothesis
would be to eliminate splaying of proximal segments by
placing the fixation devices farther toward the back of the
ramus and to examine its effects on transverse ramus
angulation and postoperative skeletal stability. Further
investigations are required in this aspect.
Postoperative increase of intergonial width was
commonly observed among patients who received IVRO,6,17
but no study on the changes of transverse RA after surgery
and their relation to skeletal stability has been published.
By using a similar surgical technique of oblique ramus
osteotomy, Astrand and Ericson32 found a lateral angulation
of the condylar fragment of about 8 on each side, and
a slight regression of this angulation occurred during later
stages of remodeling. In our study, we observed a similar
lateral angulation of the proximal segment immediately
after IVRO, but during the postoperative period the
decrease in RA was more obvious. Moreover, we noted that
lateral angulation of the proximal segment produced at
surgery significantly related to downward (clockwise)
rotation of the distal segment during the remodeling phase.
One possible explanation of this phenomenon is that after
IVRO a larger angulation of the proximal fragment may
result in less bone contact between the osteotomized
fragments. Since no skeletal fixation is applied, lack of
bone contact may facilitate clockwise rotation of the distal
segment induced by the pull of masticatory muscles.
Although the increase in transverse mandibular width after
IVRO seemed not to compromise esthetic results in the long
run,17 for the purpose of postoperative stability, every
effort should still be made to decrease the lateral angula-
tion of proximal segment during the surgery.
Our study also showed significant clockwise rotation of
proximal segments in the sagittal plane after IVRO. This
may also be secondary to significant interference between
the proximal and the distal segments. During the remod-
eling phase, the proximal segments approximated to their
original positions and the RIA decreased. Similar findingswere reported in previous studies, but the correlation
between angulation of proximal segment and postsurgical
stability of distal segment was not examined.7,16 We found
that changes of RIA had no influence on the stability of
distal segment in IVRO. The lack of correlation between RIA
increase and skeletal relapse of distal segment may be due
to the fact that distal and proximal segments are not rigidly
fixed together in IVRO and independent movements
between the segments are possible. For SSRO, the average
increase in RIA after surgery was mild in our study but
correlated with anterior relapse of the distal segment in
the remodeling phase. In previous studies, conflicting
results were found concerning the relationship between RIA
increase and stability of distal segment after SSRO. While
some researchers observed that increase in RIA was not
associated with skeletal relapse,10,11 a strong correlation
between RIA increase during surgery and postsurgical
relapse of distal segment was also reported.12 The reasons
for the discrepancy are not known, but it may be secondary
to differences in surgical technique, device of skeletal
fixation, and method of RIA determination. Similar to the
findings reported by Cho,12 we found that the proximal
segment has a tendency to move back toward its presur-
gical position in the remodeling phase; therefore, in SSRO
with rigid skeletal fixation, clockwise rotation of proximal
segment during the fixation procedure will result in forward
relapse of the distal segment during remodeling.
In conclusion, changes in transverse and sagittal angula-
tions of proximal segment are commonly seen after ramus
osteotomies, but the characteristics of alterations are
different between SSRO and IVRO. We also observed that
increase in transverse RA significantly relates to the rotation
of distal segment during the remodeling phase after both
types of surgery, and clockwise rotation of proximal segment
is associatedwith an anterior relapse of the distal segment in
SSRO. Further research is needed to clarify the causes
underlying the relation between proximal segment angula-
tion and stability of distal segment after ramus osteotomies.
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